Even as debate continues about the putative obligation to proactively report genetic research results to study participants, there is an increasing need to attend to the obligations that might cascade from any initial report. We conducted an international, quasi-experimental survey of researchers involved in autism spectrum disorders (ASD) and cystic fibrosis (CF) genetics to explore perceived obligations to ensure updated information or relevant clinical care subsequent to any initial communication of research results, and factors influencing these attitudes. 5-point Likert scales of dis/agreement were analyzed using descriptive and multivariate statistics. Of the 343 respondents (44% response rate), large majorities agreed that in general and in a variety of hypothetical research contexts, research teams that report results should ensure that participants gain subsequent access to updated information (74-83%) and implicated clinical services (79-87%). At the same time, researchers perceived barriers restricting access to relevant clinical care, though this was significantly more pronounced (Po0.001) for ASD (64%) than CF (34%). In the multivariate model, endorsement of cascading obligations was positively associated with researcher characteristics (eg, clinical role/training) and attitudes (eg, perceived initial reporting obligation), and negatively associated with the initial report of less scientifically robust hypothetical results, but unaffected by perceived or hypothetical barriers to care. These results suggest that researchers strongly endorse information and care-based obligations that cascade from the initial report of research results to study participants. In addition, they raise challenging questions about how any cascading obligations are to be met, especially where access challenges are already prevalent.
INTRODUCTION
Researchers are increasingly aware of a potential obligation to proactively offer research results to research participants. Ethicists disagree on the existence or extent of any such obligation, with particularly intense debate in the genetics research context, given expanded genomic testing capacity and the proliferation of studies that can generate predictive and family-relevant results. [1] [2] [3] [4] [5] [6] Although many components of this debate have been aired, there has been little discussion of what, if any, cascading obligations might arise as a result of the initial communication of research results.
Cascading obligations are of two sorts. The first concerns the need for updated information about the research result if scientific knowledge changes in a meaningful way. For example, additional research might confirm or refute the finding that was initially reported, changing the personal meaning or clinical utility of having such information in the first instance. In the genetics research context, updated information might be frequently needed, as many initial findings are not supported by later studies. [7] [8] [9] [10] A second cascading obligation involves ensuring that research participants gain access to the clinical care they might need following receipt of results. In the genetics research context, this could include subsequent genetic counselling to fully explain the result after the initial reporting session, genetic testing of family members, or other types of clinical care, including access to drugs, monitoring, or interventions that are implicated by the test result.
Although some commentary has attended to these cascading care obligations, the types of obligation that are acknowledged, and the locus of responsibility for meeting any obligation, varies considerably. For example, Fernandez et al 1 acknowledge a potential need to ensure that information updates are provided to research participants who receive study results, but they do not address the costs associated with such activities. Renegar et al 11 (2006) argue for a limited -though unspecified -responsibility to provide updated information. By contrast, Wade and Kalfoglou suggest that there is a strong obligation to update research participants if original research results are later found to be incorrect. 12 Further, calling attention to the important relationship between the threshold for disclosure of initial research findings and subsequent obligations to provide updates, they note that a lower threshold for initial reporting is likely to increase the burden of recontact. 12 In addition, Fernandez et al 1 endorse an obligation to ensure access to follow-up medical or psychological care or genetic counselling. 13 Further, they acknowledge the financial implications of these obligations, and lodge the responsibility to ensure and pay for this care with the research enterprise. 1, 13 Others implicate the research enterprise more minimally; for example, to ensure and assume the costs of referral for medical follow-up, 14 or simply to assume responsibility for discussing the need to arrange and pay for medical follow-up during the informed consent process. 11 By contrast, Pullman and Hodgkinson 15 advance a more expansive set of cascading clinical responsibilities and lodge responsibility with health care authorities.
Inadequate or inconsistent attention to the obligations that may cascade from the initial communication of research results has implications for individual research participants, and for research and health care policy as a whole. Importantly, the initial communication of research results cannot fulfill the obligations expected of this process -that is, to demonstrate respect for persons, or to ensure the realization of possible benefits 16 -if the information conveyed is false or its benefits unrealizable. Further, failure to attend to the nature and extent of any cascading obligations obscures policy design questions concerning the coordination and integration of relevant services, and policy ethics questions concerning the just allocation of resources in delivering such care. Who, to be specific, is responsible for meeting any cascading needs, and is sufficient capacity available to address the demand? Is this an appropriate and achievable responsibility of the research team and research enterprise as a whole, including the agencies that fund research? Or can and should these obligations fall to clinical care providers, and the health care systems (whether public or private) that pay for them? And if so, how will the demands generated through research be fairly addressed where access challenges are already prevalent?
To begin to explore these issues, we conducted an international survey of researchers engaged in genetics research for two quite different conditions: the autism spectrum disorders (ASD) and cystic fibrosis (CF). ASD refers to a complex set of developmental disorders that have been the subject of growing public interest as the reported prevalence increases and demand for diagnostic and remediation services outstrip still-developing networks of care. 17, 18 Genetics research on ASD seeks to identify the genetic variants associated with this complex disorder, most of which may confer risk without directly causing the condition. 19, 20 CF, by contrast, is a disorder that has long been known to be caused by mutations in the CFTR gene, 21 and for which care arrangements are better established. Current genetics research on CF explores genetic modifiers of the CF phenotype, to improve the prognostic power of diagnoses and to seek to develop more targeted treatment options. 22 Using a quasi-experimental questionnaire design that presents hypothetical vignettes, we sought to explore a range of factors that might influence judgments about researchers' obligations subsequent to the initial communication of research results to individual research participants. Because of our interest in the question of how any such obligations are to be met, we explored researchers' perceptions of access to care for the clinical condition of interest (CF or ASD) in their own jurisdiction, and integrated an access to care variable into the hypothetical vignettes.
MATERIALS AND METHODS Sample
Our methodology has been described in detail elsewhere. 23 With approval from the University of Toronto and the Hospital for Sick Children Research Ethics Boards, we conducted an international survey of researchers engaged in CF or ASD genetics research in 2009. We identified potential respondents from author lists of relevant scientific articles published between 2005 and 2008. We excluded non-English papers and those that did not reflect original scientific research relevant to CF or ASD genetics. We next limited to authors with publicly available email and postal addresses, generating a final sample of 877 eligible participants (418 ASD and 459 CF). This information was used to generate our sampling frame and assess non-respondent bias; neither the respondent's jurisdiction, nor details about the respondent's specific type of research, were introduced into our models.
Recruitment and data collection
We contacted potential participants five times over an 8-week period. 24 Contacts 1, 2, 3 and 5 were by email and directed participants to an online questionnaire, and the 4th contact was by post and enclosed a paper questionnaire. Participants were provided with an opportunity to receive a non-financial incentive: an executive summary of findings.
Survey instrument
The survey instrument was designed to test hypotheses about influences on professional judgments regarding researchers' ethical obligations with respect to research results, and included non-experimental and quasi-experimental components. The non-experimental component consisted of: (i) 3 demographic questions about the respondent's primary role in research, professional training, and gender, (ii) 7 practice questions about perceived barriers to gaining access to care in the respondent's jurisdiction, and the role of the respondent's research team in providing updates to participants, and (iii) 12 attitude questions about the respondent's perceived responsibilities toward research participants, beliefs about the potential for harm from provisional scientific information, and beliefs about the role of genes in CF or ASD.
The quasi-experimental component used the factorial survey design to maximize external validity by presenting respondents with true-to-life vignettes, and exploit the principle of random assignment to assess the independent effect of covariates. [25] [26] [27] [28] The vignette related the story of a genetic research team considering what should be done with a recent research finding. Each vignette presented some combination of 10 attributes that, a priori, were deemed relevant to the formation of the professional judgment. 6, 29 We used a fractional factorial approach to reduce the total possible number of vignettes to a number suited to our anticipated sample size and interest in main effects while maintaining an orthogonal and balanced matrix, resulting in 48 unique vignettes, each with a CF and ASD version. These included features of the research finding (eg, effect size, replication status), the research team (eg, CF or ASD, clinical capacity), and the research context (eg, team relationship with research participants, research ethics guidance). To assess the influence of barriers to care on judgments about reporting obligations, we included an attribute for availability of 'comprehensive assessment and treatment services' for individuals with ASD/CF in the jurisdiction where results were being reported (Supplementary Tables 1 and 2 present an attribute list and sample vignette).
Each respondent received two vignettes, one for CF and one for ASD, using the principle of random assignment to establish the order and pairings of vignettes while ensuring an adequate number of respondents completed each unique vignette. Following each vignette, respondents were asked to consider four judgments, two of which related to the decision to report the initial result and have been reported elsewhere. 23 The focus of this paper concerns judgments about cascading obligations assuming that the initial report had occurred. Specifically, whether the research team should: (i) 'ensure that participants gain access to updated information about this genetic variation (as specified in the vignette), if new research becomes available?' , and (ii) 'ensure that participants gain access to the clinical services that might be required as a consequence of receiving this finding (eg, genetic counselling, family testing, and other clinical care)?' These judgments, as well as the attitude questions in the non-experimental component of the questionnaire, were measured using 5-point Likert scales, from strongly agree to strongly disagree (dichotomized into strongly agree or agree versus neutral, disagree, or strongly disagree).
Analysis
We computed frequency counts and percentages for all independent variables. For univariate tests of difference, we used the chi-square test across samples (CF and ASD), and the Z-test for non-independent samples (eg, different beliefs among CF or ASD researchers). A probability level of o0.05 was used to determine statistical significance. We next conducted two separate multivariate logistic regression models to explore the effects of all vignette-specific factors (NB: in answering questions for each vignette, respondents judged all attributes included in the vignettes), and identified independent variables specific to the two cascading obligations (see Table 4 for list of covariates in model). We used the forward selection method to develop the models, removing variables where there was evidence of multicollinearity. As different selection procedures can lead to different final models, we re-introduced all variables of interest into the One thing leads to another FA Miller et al final model to test their significance at Pr0.1 (using the Wald statistic).
Responses to vignettes were treated as separate observations; thus, the unit of analysis was the judgment provided and not the individual participant. To account for the unknown correlation between the two vignette responses from a given respondent, we used generalized estimating equations. Because of missing data, 7 participants included in descriptive analyses were removed from multivariate analyses. Finally, we generated an index (scored from 1 to 41) to characterize the degree to which each potential respondent was involved in relevant ASD or CF genetics research and assess the presence of non-responder bias. We scored each of the genetics research publications from which respondents were drawn, differentiating between highly relevant (ie, discovery research, research with human subjects), and less relevant publications (eg, incidence/prevalence studies, Biobank studies). Each participant was then assigned a final score depending on the number of publications and their relevance score (1 or 2). All statistical analyses were completed using R ((GNU software): R Foundation for Statistical Computing, Vienna, Austria; version 2.10.1, 2009) and geepack (GNU software) 30 (version 1.0-17, 2010) software packages.
RESULTS

About respondents
Response rates and characteristics of respondents. Where we could not locate a valid email and/or postal address after receiving returned mail, we deemed potential respondents ineligible (n¼92), leaving a total of 785 eligible respondents. Of these, 343 researchers completed the survey for a total response rate of 44%: 46.7% (168 of 360) for ASD researchers and 41.2% (175 of 425) for CF researchers. Respondents were more likely than non-respondents (1.8 OR, 95% CI (1.2, 2.7)) to be authors of discovery and/or human subjects research where issues related to reporting research results to study participants were potentially relevant, compared with incidence/prevalence or Biobank research. Respondents were from around the world: 171 (50%) from the US, 19 (6%) from Canada, 126 (37%) from Europe (comprising 24 from France, 25 from Italy, 26 from the UK, and 9 or fewer from the rest of Europe), and 27 (8%) from other countries (Australia, Brazil, Chile, Colombia, Hong Kong, India, Israel, Japan, Malaysia, and Taiwan) (Supplementary Table 3 details respondents' jurisdictions). In all, 180 (52%) respondents held a medical degree (MD or equivalent) and 191 (56%) held a research-based doctoral degree. In all, 164 (48%) reported a primary research role in molecular genetic analysis, 149 (43%) in clinical interpretation of results, and 114 (33%) in statistical interpretation of research results.
Descriptive data
Attitudes toward reporting obligations. When asked to consider obligations in general (ie, outside of the specific context described in a vignette), a majority of respondents (74% of ASD researchers and 83% of CF researchers) agreed (agreed or strongly agreed) that research teams that report initial research results should ensure that participants gain access to updated information about these variations if new research becomes available. Similarly, 82% of ASD researchers and 87% of CF researchers agreed that research teams should ensure participants gain access to clinical services that might be required as a consequence of receiving the initial research result ( Table 1) .
As we have reported elsewhere, 23 a large majority of respondents also agreed that they had an obligation to report a research finding that was judged to be clinically significant (80.4% of researchers in total; 80.6% ASD and 81% CF). However, only small minorities agreed that they had an obligation to report a research finding when there was uncertainty about its clinical significance (15.2% ASD and 23.0% CF). Researchers' attitudes toward an initial obligation to report clinically significant results were not statistically different from attitudes toward an obligation to provide updated information (79% agreed overall; P¼0.22); though they were significantly reduced relative to attitudes toward an obligation of subsequent clinical care (84.5% agreed overall; P¼0.006).
In the specific vignette context (ie, the aggregate of responses to the 48 different vignettes per disease), endorsement of the initial communication of the research result was modest. Minorities of respondents (33.5-48.3%) agreed that researchers had an obligation to report an ASD finding whereas small majorities (53.3-58.0%) agreed that researchers had an obligation to report a CF finding. By contrast, large majorities of researchers agreed that, following an initial report of the research result to the individual in whom it is identified (and irrespective of whether they felt this should have been reported), the research team is obligated to ensure that participants gain access to: (i) updated information about the research finding, where this becomes available (75-77% of ASD researchers and 77-82% of CF researchers), and (ii) clinical services that might be required as a result (79-81% of ASD researchers and 85-87% of CF researchers) ( Table 2) .
Perception of barriers to receiving clinical care. Researchers perceived a range of barriers restricting access to relevant clinical services for families in their jurisdiction. These included waiting lists for relevant clinical services (53.0% ASD and 11.4% CF), lack of relevant clinical expertize (33.9% ASD, 11.4% CF) or the cost of relevant clinical services (48.2% ASD and 26.9% CF). Taken together, 63.7% of ASD researchers perceived that there were barriers to receiving relevant clinical care (ie, any of the three specific barriers identified) for families in their jurisdiction, whereas only 33.7% of CF researchers One thing leads to another FA Miller et al reported that there were barriers to care; these differences are highly statistically significant (Po0.001) ( Table 3) .
What explains cascading obligations? Multivariate models
Influences on the perceived obligation to provide updated information. Several beliefs were associated with the perceived obligation to ensure access to updated information. Respondents who agreed that, in general, they had an obligation to report clinically significant findings to individual research participants were more than twice as likely (OR 2.5, 95% CI 1.5, 4.3) as those who did not endorse this obligation, to perceive a need to ensure access to updated information. Male respondents were half as likely (OR 0.55, 95% CI 0.33, 0.91) as female respondents to perceive this obligation and researchers with a medical degree were more likely (OR 1.8, 95% CI 1.1, 2.9) than those without such professional qualifications to perceive this obligation (Table 4) . Only one vignette attribute, reflecting the scientific robustness of the hypothetical finding, was retained in the final model. Specifically, respondents were less likely to perceive an obligation to provide updated information where the finding had not previously been reported than when the finding had been replicated multiple times in independent research groups, though this effect was only statistically significant at the P¼0.1 level.
Influences on the perceived obligation to provide subsequent care. As with the experimental model for updated information, respondents who perceived the general obligation to report clinically significant findings were twice as likely (OR 2.0, 95% CI 1.1, 3.7) as those who did not to endorse an obligation to ensure subsequent clinical care. In addition, male respondents were half as likely (OR 0.51, 95% CI 0.30, 0.90) as female respondents to perceive this obligation. Respondents with a primary research role in the clinical interpretation of research results were twice as likely as those without this role (OR 2.1, 95% CI 1.2, 3.7), whereas those with a primary role in the statistical and epidemiological interpretation of findings were almost half as likely (OR 0.61, 95% CI 0.38, 0.97) as those without this role, to endorse this obligation.
Of the vignette attributes, only the measure of scientific robustness had a significant impact on responses. Specifically, respondents were half as likely to perceive an obligation to provide subsequent care when the finding had not previously been reported (OR 0.49, 95% CI 0.30, 0.80) or when the same research group had replicated the finding in another cohort (OR 0.44, 95% CI 0.26, 0.72) than when the finding had been replicated multiple times in independent research groups.
DISCUSSION
Our findings suggest that researchers endorse what we term 'cascading' obligations, with more endorsement of an obligation of subsequent clinical care than of updated information. Further, the perceived obligation to address these cascading commitments is equal to or greater than the perceived obligation to report clinically significant findings in the first instance, and is much greater than any perceived obligation to report research results where clinical significance is uncertain. This is suggested by general attitudes, and in the aggregate of attitudes for each of the hypothetical vignettes where -irrespective of the attributes that were varied in each vignette (eg, disease type, scientific robustness of result, and research environment) -researchers were less disposed to the initial reporting obligation than to the subsequent obligations of information and care that ensue.
Our models add insight to these descriptive findings, exposing some factors that may influence researchers' attitudes regarding cascading obligations. Among vignette-specific factors, only one was retained in the final models: Where reported findings were less robust (ie, less independence of replication and/or less replication), respondents had a reduced commitment to cascading obligations. These associations run contrary to the suggestion by Wade and Kalfoglou 12 , that a lower initial threshold necessitates a higher subsequent commitment. This finding thus raises important questions about the relationship that should obtain between initial and cascading obligations.
Non-vignette factors also influenced researchers' perceptions of cascading obligations. Specifically, those who felt obliged to report clinically significant research results in the first instance were more likely to endorse cascading obligations. An additional and related finding is that perceived obligations to ensure access to information and care were more likely among those with a clinical orientation and less likely among those with a statistical/epidemiological role. Taken together, these findings confirm to what we have shown with respect to attitudes toward an initial reporting obligation, 17, 23 suggesting that the more clinically relevant the result or clinically-disposed the respondent, the greater is the commitment to the obligation. Abbreviations: A, agree; D, disagree; N, neutral; NS, not statistically significant; SA, strongly agree; SD, strongly disagree. a To account for the unknown correlation between two vignette responses from each respondent, we used generalized estimating equations (GEE). b Data missing from four ASD (autism spectrum disorders) researchers and three CF (cystic fibrosis) researchers. c Vignette attribute. In the interests of space, we report only the vignette attributes that were retained in the final model. d Independent variables (ie, not in vignette). In the interests of space, we report only the independent variables that were retained in the final model; those included in model but not statistically significant at Po0.1 are as follows: Disease community of researcher (ASD/CF); primary role in research, molecular interpretation (yes/no); professional qualification, research doctoral degree (yes/no); perception of barriers to clinical services in own jurisdiction (yes/no or don't know); belief that research team has obligation to report results not deemed clinically significant (agree or strongly agree/neutral, disagree or strongly disagree); belief that provisional scientific information is potentially harmful for research participants (agree or strongly agree/neutral, disagree or strongly disagree). e 90% CI.
Despite the markedly different clinical contexts tested, researchers' beliefs about the two cascading obligations were not influenced by the nature of the disease (ASD or CF), the researchers' field of study (ASD or CF), or by hypothetical (ie, in the vignette) or perceived actual (ie, in researchers' own jurisdiction) barriers to care. However, almost two-thirds of ASD researchers perceived barriers to clinical care for ASD in their jurisdiction, whereas only one-third of CF researchers perceived such barriers. These data highlight the fact that cascading care obligations may exist in the context of sometimes-significant access barriers. Yet these data do not provide insight into how any such obligations might actually be discharged. Our survey was not designed to answer questions about the locus of responsibility for ensuring access to subsequent information or care, assuming that cascading obligations do arise. Indeed, because this was an international survey of researchers operating with diverse care arrangements, we were necessarily vague about who might be responsible (ie, whether public or private health insurers, research teams, or research participants themselves). Nonetheless, our data point toward both the challenge of access -who is responsible for ensuring information and care -and the challenge of fairness in access -will access for research participants be fair relative to non-participants with similar needs?
CONCLUSION
Our data suggest that researchers perceived the existence of obligations to research participants that cascade from any initial reporting obligation and did so in equal or greater measure to their commitment to the initial disclosure of clinically significant findings. Attitudes toward cascading obligations were unaffected by access challenges for relevant care that may already exist, suggesting a need to carefully consider how any cascading obligations might be met fairly.
Although descriptive data can inform normative argument, the normative significance of this research is not obvious. We think it notable, however, that researchers expressed at least as much support for cascading obligations as they did for an initial reporting obligation, despite current ethical attention that favours the latter. We therefore call for focused attention to the issue of cascading information and care obligations among proponents of an initial reporting obligation, and among researchers considering an initial disclosure. In addition, we argue for sustained policy discussion about the service arrangements, funding mechanisms, and human resources that might be called upon to ensure equitable and appropriate access to such care.
LIMITATIONS
The study reports findings from the authors of ASD or CF genetics research publications, and therefore necessarily represents this selected population. Further, the representativeness of the data is limited by the 44% response rate. This limitation is balanced by the international nature of the survey, and by the fact that, according to the index of involvement that we generated, respondents were more involved than non-respondents in the type of research where issues related to reporting results to research participants are most likely to arise. Further, the complexity of our study design combined with a lowresponse rate limited our power to detect all potentially meaningful effects or to interpret two-way or higher order interacting effects. Further, although variations in practices and attitudes may be associated with researchers' jurisdictions or their specific type of research (eg, discovery, translational, clinical, and so on), we were unable to assess these effects in our models. Interested in understanding both what cascading obligations exist and how best to attend to these, our findings only gesture towards factors that warrant further study.
